
-—. .. ...

RESEARCH MEMORANDUM-

CONTROL EFFECTIVENESS AND HINGE -MOMENT CIWRACTERISTICS

OF A TIP CONTROL SURFACE ON A LOW-ASPECT-RATIO

. .
i

i;

.-= .-..

,/.,/-:

POINTED WING AT A MACH NUMBER OF 1.9

By D. William Conner and Ellery B. May, Jr.

Langley Aeronautical Laboratory
Langley Air Force Base, Va.

/ .::~w-%2. . ##p_
, -=<:>.>,

-a .m,-vs..,,= =

NATIONAL ADVISORY tOMMITTEE
FOR AERONAUTICS

WASHINGTON
October 5, 1949

i

“,s —-. -J
—— -—-—-



,-.-. —. -.

. ...— .-—...

.i
.
‘1 :* 4!!HK......._...L:.x:.x..=_:.....=_.....__’

By........

............ ...
SRW (h ii; i i++,. I;;..i..b.b L~Af~GLj

,,, . .

. . . . . . . . . ...sk9Q\*.mqms**”mqms**”
r. . . .

H -.

.: -L- - -=-—..-.—
.-.

-I*- - .- .: .-w,— --m.. .<.
.._. . . .

!------ .-.---—----------+4—-. -.x. :.+..

. . . ..—...- -.. ..— .._.

— _.———.—_
. --. as: ..=.....- ..-. —-

--

“--- -. . . . . . . .>+X= ~=

...> —..-. .3.- ‘

“k= —-:
.-. ,-— — -—

. .._.-.-—— -“”:. - ——
.--..,-. . -----.—..

:XcL-: .
,. !:--

..—

-— -., ...——...—— .—
.“-.— , ““”” . ... . 4: —L -- ------

.—— —
! -... — -. . . , . . . . . .F ---—



TECH LIBRARY K.AFB,NM

NACA RM L9H26

NATIONAL ADVISORY COMMITTEE!FOR AERONAUTICS

RESEARCH MEMORANDUM

CONTROL EFFECTIVENESS AND EttNGE440MENTCHARACTERISTICS

OF A TIP CONTROL SURFACE ON A LOW4SPECT+M!I0

POINTED WING AT A MACH NUMBER (X 1.9

By D. William Conner and EXleq B. Mqy, Jr.

SUMMARY

A wind-tunnel investigation was carried out on a semispen pointed
wing of aspect ratio 1.7 having 600 lead~dge sweeyback and
30° traili~dge sweepforwsrd. A control surface located at the wing
tip was hinged about an axis perpendicular to the streamwise parting
line separating the control. In addition to detemining the character-.

● istics of the caqlete configuration, normal force and hinge moment
were measured on just the control surface. The test Reynolds.number
was 4,90,000 and the free+rbream Mach number waa 1.9.

.
The experimented rolling effactiveness of the control surface

smounted to about 85 percent of that calculated hy linearized thecq.
With the use of experimental data the effects of wing traili~d@
sweepforw=d on roll control in free flight were calculated. For con-
figurations having equal lift effectiveness and the ssme srea tip-control
surfaces, about one–fourth more roll control would be developed by the
sweptforward trailing+dge srrsagement than by an unswspt sxmngement
because of a lower wing damping moment and because of increased rollin~
moment effectivenesss At zero angle of attack the normsl.-force and
hinge+mment variations with deflection were reasonably well predicted
by linearized theo~. At low sngles of attack the control+mrface hinge
moment exhibited nonlinesr variations with control deflection end with
emgle of attack. No significant changes in the characteristics of
either the canplete tig or of the control surface were experienced
when the gap width at the perting line separating the control from the
inner wing panel was increased from about O to 1.4 percent of the 10CLQ
wing chord.
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Free–fli@t ‘rockettests have indicuted ‘thatflafiype cantrols
often have serious reductions or reverssls i.nlateral ccmtrol effective-
ness at trarmonic and supersonic speecis,whereas full+hord tip controls
maintain satisfactory control effectiveness i-nthese sjjeedranges
(reference 1). Because of the general interept in suc~ full+hord ~~
controls, wind-tunnel Investigaticms of two ~n~ontra configuratio~
have been made. Reference 2 reports the c~”acteristi~s at a Mach “__
num%er of 1.9 of a half-delta control ccxnprisingthe outer gne+ird of
a 60° sweptback semispan delta wing. The tests.presented herein sre an.—
efiezsion of this tunnel program ad report t@”&rac~eristics of a“
different plan-form Win&tip control combination.

The wing of potited ylen fm?m had 6(1°leladi~d~ sweepback and
30° trailing-edge sweepf~d, and a control surface Eompised the
outer 28 percent of the exposed+ing semispan. Force and moment
measurements were obtained for the wing ~n the presence of a fuselage
through a range of control deflections aLd a small range of angles 0$’
attack. Normal force and hinge moment were @asured a-the control.
Vsriow gaps were tried between the control r~ot chord=hnd iziner&
panel. The results have be-encorrelated “with-ther;sfi=tsof reference
to show the effects of wing trailing edge sweepforwsrd on roll control
in free flight. .7:=..—.

Colmmcmmms AND SYMBOLS

CL ()
lift coefficient ‘*

.,

()

Dr&g
CD drag coefficient —

qs

cm ( )pltching+moment coefficient ‘*: “

“2

..

c1 ()Lrolling+nment coefficient —- ~ +.
2qSb :

Cn
().

yawin~om@ coefficient *

M’ pitching rnmnentabout center of ar~ of efiosed wing

L rolling moment about qxis of:fuaelage

mF ~
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N yawing mcment
Une

N.

about an exis perpendicular

3

to fuselage center

N. control+urf ace force normal to control+mrf ace chord plane

Ji control+ urface pitching moment
surface pivot axis

~ free+tream dynamic pressure

(hinge mcment) about control–

s

. b

‘f.

Ff

a

R

M

The
semispem

exposed sendspau wing erea (22.2 sq in.)

mesn aerodynamic chord of exposed+ing srea (6.72 in.)

twice the distence fran the fuselage =is to wing tip (10.40 @.)

control+urface area (1.66 sq in.)

mean aerodynamic chord of control surface (1.847 in.)

engle of attack of wing chord plane measured with respect to
free+rbresm direction

control-surface deflection measured with respect to wing chord
plane in free+ tream direction

Reynolds number based on G

Mach number

MODEL

system of axes is shown in figure 1. A photo~aph of the
model mounted in the test section is shown in figure 2, sn~

the principel dimensions are shown in figure 3.

The trianguler~lan-form wing penel had a leati~dge sweepback
sngle of 60° and tre.fiinndge sweepforward sngle of 30°. The aapect
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ratio of the wing was 1.7 when the leadti~ an+ trailing.edges were”
considered to extend to the fuselage center line.

*— :--.. 6+..—

The inner wing yanel was a modified version of the~anel used in —

the tests of reference 2. The modificaticm consisted of a triangular
.- --—

addition to the trailing edge which resylted _@ a sweptforward tr@15.ng - ..-, =
—

edge. (See fig. 2.) The airfoil sections of~he Inner-panel were
hexagonal in shape, formed from an untapered flat plate, end were

—

2.5 p,ercentthick at the fuselage intersection snd 9 pe~cent thick at ___~;-j.. _
the outboard end. The leadln~dge wedge hadan includw wedge angle _ . ““ “;
of 6.6° measured parallel to the air stream. The leadi~dge wdge ....l_ . ;
was modified by a small nose radius, end the shsrp breaks in’contqur
were modified by a slight fairing. ,

The control surface which ~&e Up the outer portion of the wing was
separated from the inner wing panel by a dreamwise parting line emd
rotated about an axis perpendicular to the root chord. The axis was

—

located at 63 percent of the control+mmfp.ce root chord_and was 0.0755f
.=

behind the center of area of the control. Since the control was
camprised of 3~ercent+hick airfoil sections, a Uscontinuity in ttick-
ness existed at the parting line separating t~e .control_surfaceand
main .penel.

..-.
*_
....

All tests of the wing end of the controlsu.rface wqre made in the
~resence of a half-fuselage. The nose sectio?xof the fuselage (a body .

of revolution) merged.into a constant+iismeter section at the station
where the wing leading edge intersected the f“~elage. _. -—-,.

TUNNEL AND TEST TECHNIQUE

The Langley g-by 12–inch supersonic blo-tiownt“iuuielin which the
present tests were made is a nonreturn-type tunnel utilizing the exhaust
air from the Langley 19-foot pressure tunnel. The air enters at an

absolute pressure of about 21 atmospheres and ~~ntains about 0.3 percent-
3

of water by weight.

The model smangement was similar to thatused in the tests of
reference 2. The semispaq models are cemtileverad from;a five-component
strain-age belance mounted flueh”with the tunnel wall. The.balance md_
fuselage rotate with the wing as the angle o<;attack is”-&enged, and the
forces end moments are measured with respect to the belance axes. The
balance was used to measure the ncmmal force end Pftcmng moment of the
control surface in the presence of the inr.er.@ng panel. The semispan
wing model was tested in the presence of, %ut not attached to, a half-
fuselage (reference 3). a .
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The dynamic pressure and test Reynolds num%er decreased about
5 percent during the course of each run because of the decreased pressure
of the inlet air. The a-verwe dynamic pressure was u.8 pounds per
square inch and the average ~eynolds n~ber,

-C chord Of the exposed wing, was 4.9 x

EKECISION CT DATA

based on the-mean a~re
~06,

The free~tream Mach number hRs been calibrated at 1.90 M .02.
This Mach number was used in determining the dynamic pressure. Calibra-
tion tests made with the tunnel clesr in the space normally occupied ?Jy
the model snd extending about 4 inches ahead of the wing reference axis
ad outside the wall boundary lsyer indicated that the static pressure
varied about =.5 percent frcuna mean value. A discussion is given in
reference 3 of the vsrious factors which fight influence the test results,
such as humidity effects and method of mounting.

An estimate has been made of the probable errors to be found in the
measmed test points, when fluctuations in the readings of the measuring
eqtipment, calibration errors, and shift of instrument no-load readings ~
experienced during the course of each test are considered. The following ,
table lists the errors that might be eqected to exist between the test
-pointsfor each particul= figure.

wing

Variable

a

6,

%

%

cm

Cz

Cn

Error

*0.050

*.2°

*.003

* .001

* .001

* .0004

* .0003

Control surface

*

RNf
I

* .005

‘J% *.008
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Static calibration indicated that the ang@eJ? defle@ion of the
control caused by control hinge moment was ne@igille. _

RESULTS AND DISCUSSCON

Wing Characterist~cs - ——

?j’j_~e 4 presentg the wing test datLai’cu?the range of con~ol.
deflections and pertin~line gaps tested. Wi@in khe experiment

L—

accuracy there were no changes in the aerec “characteristicsof
wing caused by chenge in gap width at the part== line. -<.

The experimental lift-curve slope for the wing was 9,039 which
equalled the theoretical value for a wing of this plan f~~. The
theoretical value, however, did not includo fuselage upmah effects

.—

the’=”

.-

,

which would be estimated to increase the S1OP9 .bythe or~er of Xl yercent
for this arrangement at this Mach number. Us~g the lift and m“cment
curves of figure 4, the center of pressure at zero control deflection
was calculated to be located 0.064~ ahead of tie center of aea and
~~c~~t. of tinee~osed–wtig ”setisp~-at~o+d of the fuselage inter–

Neglecting upwash effects, theo~{ indicates th–spantise center
of pressure to be located at the 41.6qercwrt~gtation of-the exposed- “--
wing Semispan.

. ~-.

The curves of figure 4 have been crossm~otted irf~e 5 to show
the variation of the coefficients with control”~deflecti.6gf”6rzero angle
of attack. This fi~e also includes the characteristics calculated
from linearized theory (reference 4). In app.sing the theoq to this
plem form w~ch has a swept trai~ng edge, recgmrse was teken to a
graphic method for integrating the loading ti:$he region—behind the
station of maximum span. The experimental lif% effectiveness of the
flap was less than that calculated. The experimental r6111ng effec-

dC~
tiveness —

db
of 0.00061 was a16ut 15 percent;less than the calculated—

value of 0.00072. The following table is presented to better illusti”ate
the roll%ontrol
results obtained
(reference 2).

characteristic; of this
in-tests of a 6Q”.delta

model~as compm_ed with the
y$~jdth tiy control <,
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Test Model of
model reference 2

Sweep angle of wing trailing edge,
degrees . . . . . . . . . . . . . . . –30 o

Ratio of control erea In percent of
exposed-wing area . . . . . . . . . . . 7.6 10.8

Experimental ~ . . . . . . . . . . . . 0.00061 , 0.00075

Theoretical dmping coefficient
()
c~
P

of plain wing (reference ~) . . . . . . -.174 -0197

dCL
Experimental lift-curve dope —

da”””
0.039 0.040

The spanwise center of pressure of the control~urface loading
(in percent control span) can 3e considered to be independent of the
size of the control surface relative to the wing size. Such a con-
sideration makes possible a comparison of the roll effectiveness of tip-
control surfaces on the two different plan-form wings by adjusting the
relative size of the control surfaces. Two different bases of campsrison
sre used. In the first case, the control+mrf’ace sxea is considered to
be a given constsnt percentage of the exposed-wing srea. In the second
case, the control+urface areas are considered to be equal, but the
wing areas differ so that a constant value results from the product of
the ~ lift+~e slope and the wing area. The wings then have equal
lift effectiveness at any angle of attack. In both cases the comparisons
are for the calculated rate of roll (wing-tip helix angle per unit
control deflection) which would be experienced in free flight. The wi~

dC
tip helix engle equals the rollin~ffectiveness pnrsmeter & divided

by the damping-in+roll coefficient cl . lhperimente,ldampin~in+roll
P

coefficients sre not available at the Mach number under consideration.
!l?heoreticslvalues for the wiiqzsalone, therefore, were c~ctiated
(reference 5) and are used to eutabli~h an approximate relation between
the free-flight roll control of the two configurations.

In the case of equal percentage control areas, increasing the mea
of the test model to 10.8 percent of the wing

dC1
line inbosrd would increase the value of —

d?)

srea by movin~ the pertin~

f%omoco~(Jl to 0.00083,
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a value 10.7
reference 2.
cent greater
arrangement.
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x

percent greater th~ that measured.on the delta wing of
The calculated free-flight roll c@rbrol would be 25.3 per- “- +-‘
for the test model arrangement tha+,for the”aelka-ting-.. —-. . . .:.,.

.

In the case of wings having equa+,lift eff~ctivene~g and cmtrols
of the same absolute size, the control &e”e,of tie delta—~~ (refer-
ence 2) was left uncqe~ at 10.8 percent of the delta+=ing mea. The
control exea wculd then be 10.5 percent of the area of the test model
(with the sweptforward trailing edge). Based on these sizes the free–
flight roll control was calculated to le 22.’ YPerc6n~~eater for the test
model plan form than for the delta plea form.

.T- —.

From the analysis camied out cm either basis the r&mlts were about
the same; namely, the fre-flight roll control of a tip-control surface
on a pointed wing was about one-fourth gres.ter”whenthe wing trailing
edge was swept forward 30°. The greater amount of roll.control per unit
control area results fran a lower damping mcme’nt-pertit wing area and

dC~
from increased rollin~nt effectivenest3 ~ per u@t control mea.

,. .

—
—
—

, ~=.. -,=-....

=. —
——

——

—
._—

The roll effectiveness per
loating of the tip control
wing panel. AlEo, ae will
loading of the control was

unit sxea increases “lecausethe cexzrpover
affects a much greater area of the inbosrd .“
be pointed out later, the theoretical lift
more nearly realized. .-—:.

. --—

Contro&Surface Clxracterititics .- ~“-.

Figures 6 and 7 present the data for the control alone, tested in
the presence of the inner wing panel em+ fugeIage. The ~aired curves
&ram figure 6 axe repeated in figure 7 as dot~ed cuz+es”%o indicate
better the effects of gap at the parting line;’ The data of figures 6

. and 7 are cross-lotted in figure 8 to show thb variatl~ of the coef-
ficients with control deflection. Part (a) of figure 8 IS for zero
angle of attack and includes theoretiul cwve~ applicable for small “--
deflections~ Pert (b) of figure 8 presents the &ita for:angles of attack
of 0°.and,2 for the configurationwith th6 small p&%i@@ine gap.
Since the model had symnetricsl airfoil secti~s, all @es and coef-
ficients can abitrerily %e revers6d in sign-This c-e in sign makes”
possible the application of the test data to include the condition of
negative angles of deflection for the control. This procedure has been
followed in presenting the data of figure 8(b)to show the nature of the
curve shapes in the negative range of control deflections. In going
from negative to positive em@es,_a tiscontiri~ty exists in the c-es
as a result of Inaccuracies in the test-moasti–ements.

.-

-—

—
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For all deflections the normal-fmce coefficient varied linear~
angle of attack between ~f values of O and 0.2 (fig. 6(a)). -At

higher values of normal-force coefficient the curves tended to round off.
Increasing the control deflection decreased somewhat the rat~f%hange
of normsl-force coefficient with wing sngle of attack. Increasing the
gap at the parting line (fig. 7(a)) caused a slight decrease in the slope
of the normal-force curve, especially for the high-load conditions.
Within the experimental accuracy the normal-force coefficient vsried
linearly with control deflection (fig. 8). Agreement with theory for
zero angle of attack was good. It should be pointed out that for the
delta+dng tests (reference 2) where the conditions of leading-edge sweel,
airfoil section, snd partin@ine gap were the same as for these tests,
the theoretical normal force was not fulJy realized.

The hinge+noment coefficient Cm. varied nonlinearly with angle
J.

of attack (fig. 6(b)) as a result of a resrwsrd shift in center of
pressure which occurred when the wing was rotated from a stresmmise
direction. This rearward shift also occurred in tests of the delta–
win~ontrol combination (reference 2). Increasing the gay at the psrting
line caused no well-defined effects in the hinge+nmnent characteristics.

. At zero angle of attack the hinge mcm.entincreased almost linearly with
control deflection at nearly the seinerate as that predicted by theory.
At an angle of attack of 2° the hinge mcment had nonllnesr variations

. tith deflection (of greater magnitude than could be explained by e~eri–
mentsl ticcuracies) which would complicate my attemyt made to obtain
a well.+xilancedcontrol through relocation of the hinge line.

CONCLUSIONS

l?roman investigation at a Mach number of 1.9 of a low+aspect-ratio
pointed wing with tip-control surface in the Lsngley 9-by 12–inch
supersonic blowdown tunnel, the following conclusions msy be drawn:

1. Tne experbmntal rolling effectiveness of the control surface
amounted to about 8> percent of that calculated hy linearized theorJ.
With the use of expertiental data the effects of wing trailin~dge
sweepforward on roll control in free flight were calculated. For con–
figurations having equal lift effectiveness and the same area tip-control
surfaces, about one–fourth more roll control would be developed by the
sweptforward trailing+dge srrmgement than by an unswept arrangement
because of a lower wing damping mmnent and because of increased rolUng-
moment effectiveness.

.

.
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2. At zero angle of attack the normal-force and hinge+uoment v~i-
ations with deflection were reasonably well predicted b-yldneui.zed

—

theory~ At low angles of attack the control+mrfaoe hinge moment
“-

“exhibitednonlineer variation with control deflection and tith angle of ‘
attack.

—
—

3. No significant change in the characteristics of either the
complete wing or of the control surface ?~ereexperienced when the gap .
width at the parting line separating the cm?h%ol &am %he inner wing —

panel was increased from nearly O to 1.4 percent of the local wing chord.
.. —

Lengley Aeronautical Laboratory—
National Advisay Committee for Aeronautics

Langley Air Face Base, Va.
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Fuseluge @
5.566

(+c~)~
@’)Qx;s

I 7

3.984 -

Root chord axis of
contro/ surface (G9~f )

1

L/.7554I

-1 L- Cbntro/ surfme
Y oxis of win9 hinge uxis

Figure l.– Relation between the vsrious reference axes and reference
planes used in presenting test data for control surface. All
d~nsions in inches.
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Figure 2.– Modml )ncmnted in Langley 9- by W-inch
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supersonic blowdown tunnel.
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(a) Variation of lift coefficient with a.

Figure 4.- womc characteristics of a 600 swe~tback semispan pointed wing of aspect ratio 1.7 ~

for various tip-oontrol deflec ions and for
&

s betwem the tip ccmtrol and the main

pIlllel. M=l.90; R ‘4.9 xl .
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